Introduction
The bovine respiratory disease (BRD) complex is a multifactorial and multi-etiological entity that is associated with several infectious agents (GRIFFIN et al., 2010; TAYLOR et al., 2010) , coupled with management (TAYLOR et al., 2010) , as well as environmental factors (SNOWDER et al., 2006; TAYLOR et al., 2010) . BRD is the most important cause of livestock mortality in USA feedlots and is responsible for 16% of the number of non-predator losses to beef cattle (USDA, 2011) . Bacterial pathogens frequently associated with BRD include Mannheimia haemolytica, Pasteurella multocida, Histophilus somni, and Mycoplasma bovis (GAGEA et al., 2006; GRIFFIN et al., 2010; FRANCOZ et al., 2015) . Viral agents commonly identified in cattle with BRD are bovine viral diarrhea virus (BVDV), bovine respiratory syncytial virus (BRSV), bovine herpesvirus -1 (BoHV-1), bovine parainfluenza virus-3 (BPIV-3), and bovine coronavirus, BoCV (GAGEA et al., 2006; O'NEILL et al., 2014; FRANCOZ et al., 2015) . In most cases, viral agents are considered as primary or predisposing factors to bacterial agents, due to the immunodepressive effects on the affected animal.
Most studies that have investigated the occurrence of disease pathogens associated with BRD were done predominantly in North America (GAGEA et al., 2006; GRIFFIN et al., 2010; TAYLOR et al., 2010; FRANCOZ et al., 2015) and Australia (CUSACK et al., 2003) . Data relative to the occurrence of BRD in Brazil is sparse. We have theorized that H. somni might be a threat to beef cattle feedlots due to the continual diagnosis of this pathogen in respiratory (HEADLEY et al., 2014) , reproductive (HEADLEY et al., 2015b) , systemic (HEADLEY et al., 2013) , and neurological (HEADLEY et al., 2015a ) disease syndromes in cattle from different geographical regions of Brazil. Further, BRSV was associated with BRD in several herds from the state of Rio Grande do Sul, Southern Brazil (DRIEMEIER et al., 1997; BRASIL et al., 2013) , while a retrospective study identified antigens of BRSV in cattle with bronchointerstitial pneumonia from Southern and Southeastern Brazil (FLORES et al., 2000) . In addition, a recent study has demonstrated the participation of multiple infectious agents with the development of BRD in a dairy cattle herd from Paraná state, Southern Brazil (OLIVEIRA, 2014) . This study investigated the infectious causes of respiratory disease affecting a beef cattle feedlot from Southeastern Brazil.
Materials and Methods

Study location, animals, and clinical manifestations
This beef cattle feedlot is located on the outskirts of the city of Santa Cruz do Rio Pardo, within the state of São Paulo, Southeastern Brazil. All steers (n=5,000) at the feedlot were predominantly a crossbreed of Nelore with an industrial breed of cattle, were approximately of 20 months-of-age, and maintained in feeding pens that housed 150 animals. Cattle were acquired from several small farmers from the state of São Paulo; these were initially introduced into pastures for approximately 6-10 months, and then transferred into the feedlot for fattening, where they remained for an average of 110 days. Further, this feedlot operates from June to December yearly, with respiratory disease being predominant between the months of June -October, corresponding to the dry season at this geographical location.
The consulting veterinarian indicated that cattle at this feedlot were constantly affected by respiratory disease during the last five years, but the situation became aggravated during 2014 where 20% (90/450) of animals from three pens within the feedlot became severely ill and 8.9% (8/90) of these died due to respiratory discomfort. He also related that most affected cattle were prostrated with severe nasal secretions and were medicated with a single administration of a combination of oxytetracycline and enrofloxacin; most (80%) of the medicated animals recuperated. Further, the animals at this feedlot were routinely immunized against clostridial diseases and foot-and-mouth disease.
Collection of biological samples
Nasopharyngeal swabs were randomly collected from 11% (10/90) of the animals with clinical manifestations of pulmonary distress and submitted for the molecular identification of pathogens associated with BRD. All nasopharyngeal samples were immersed in sterile tubes containing phosphate buffered saline (pH 7.2), shipped on ice baths, and maintained at -80 o C until processed for molecular diagnostics.
In addition, pulmonary fragments from one of the animals that died were collected for molecular diagnosis; duplicate sections were fixed by emersion in 10% formalin solution for histopathological evaluation. A nasopharyngeal swab was also obtained from this animal before spontaneous death.
Molecular characterization of infectious agents associated with BRD
Nucleic acids extracted from the nasopharyngeal swabs and the pulmonary tissue as described (BOOM et al., 1990) , were used in PCR/RT-PCR assays designed to amplify specific genes of principal infectious agents associated with BRD. Bacterial pathogens targeted included: H. somni (ANGEN et al., 1998) , M. haemolytica (ANGEN et al., 2009) , M. bovis (SUBRAMANIAM et al., 1998) , and P. multocida (TOWNSEND et al., 1998) . The identification of viral pathogens of BRD was done by evaluating the presence of specific genes of BoHV-1 (CLAUS et al., 2005) , BVDV (VILČEK et al., 1994) , BPIV-3 (ZHU et al., 2011 ), BoCV (TAKIUCHI et al., 2006 , and BRSV (ALMEIDA et al., 2005) .
Positive controls included DNA/RNA from cell culture adapted Los Angeles strain of BoHV-1 (CLAUS et al., 2005) and the NADL strain of BVDV. DNA/RNA of H. somni (HEADLEY et al., 2013) , BPIV-3, BoCV, and BRSV (OLIVEIRA, 2014) were obtained from previous studies and from housekeeping samples (Mycoplasma spp.). Nuclease-free water was used as negative controls in all PCR assays. PCR products were separated by electrophoresis in 2% agarose gels, stained with ethidium bromide, and examined under ultraviolet light. The amplified PCR products were then purified (PureLink Quick Gel Extraction & PCR Purification Combo Kit, Life Technologies, São Paulo, Brazil) and submitted for direct sequencing using the forward and reverse primers. Sequencing was performed by using a BigDye® Terminator v3. Sequence quality analyses and consensus sequences were obtained using the Phred/CAP3 software (http://asparagin.cenargen.embrapa.br/ phph/). The partial nucleotide sequences were initially compared by the BLAST program (http:// www.ncbi.nlm.nih.gov/BLAST) with similar sequences deposited in GenBank. Sequence alignment and phylogenetic tree were created using MEGA 6 (TAMURA et al., 2011) , after which Model selection indicated the Jukes-Cantor model as being the most appropriate for determination of the phylogenetic relationship with the Maximum Likelihood method (Figures 1 and 2) . The initial tree for the heuristic search were obtained by applying the Neighbor-Joining method to a matrix of pairwise distances estimated using the Maximum Composite Likelihood approach. Reference strains of BRSV were included within the phylogenetic analysis. The phylogenetic relationship of selected strains of bovine respiratory syncytial virus based on the glycoprotein gene. The evolutionary history was inferred by using the Maximum Likelihood method based on the Jukes-Cantor model. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site; the analysis involved 43 nucleotide sequences. The isolates from this study are highlighted (box); the GenBank accession numbers and BRSV groups and subgroups are shown; the isolate names are given in brackets. Ovine respiratory syncytial virus was used as the out-group.
Results
Pathological findings
Grossly, the pulmonary fragments received demonstrated distension of the interlobular septa with areas of pulmonary consolidation. Histopathology, revealed thickening of alveolar walls due to the proliferation of type II pneumocytes associated with an influx of foamy macrophages, lymphocytes and plasma cells; several syncytial cells were observed. Additionally, there was marked hyperplasia of bronchiolar and bronchial epithelium with intraluminal accumulations of a mixed exudate, consisting of neutrophils and mononuclear cells. In other pulmonary fragments, there were accumulations of neutrophilic exudate within the bronchiolar and bronchial lumens and pleural fibrosis.
Molecular identification of agents associated with BRD
Only the BRSV and H. somni PCRs amplified the desired amplicons from nasopharyngeal swabs and the pulmonary tissue of the animal that died. BRSV RNA was identified from 30% (3/10) of the nasopharyngeal swabs derived from the animals with clinical manifestations of BRD (Table 1) . Additionally, 20% (2/10) of these swabs also contained H. somni DNA, resulting with the nucleic acids of BRSV and H. somni being concomitantly identified in these animals. In addition, the nucleic acids of both agents (BRSV and H. somni) were amplified from the pulmonary fragments of the animal that died. Consequently, these agents were identified from the nasopharyngeal swab as well as the pulmonary fragments of this animal. All other PCR and/or RT-PCR assays yielded negative results. Direct sequencing of H. somni PCR products was done only from the pulmonary fragment (# 4) and nasopharyngeal swab of the animal (#8) that died. Initial BLAST analyses revealed that these sequences (GenBank Accession # KR149463, lung; KR149462, nasopharyngeal swab) share 100% identity with similar sequences deposited in GenBank. Further, the generated phylogenetic relationship revealed that the isolates identified from this study clustered with similar isolates of H. somni deposited in GenBank (Figure 1 ). In addition, all isolates of H. somni formed a definite group from other members of the Pasteurellaceae family.
Direct sequencing of the BRSV products was done from animal # 4 and 8. Initial Blast analyses revealed that these sequences (GenBank Accessions # KR361581, KR361582, both derived from nasopharyngeal swabs) shared 99-100% sequence identity with similar isolates of the glycoprotein gene of BRSV deposited in GenBank. The phylogenetic relationship (Figure 2 ) revealed that one of the isolates from this study (KR361582, termed isolate BRSVUEL-BR3) clustered with other strains of the BRSV genetic subgroup A (group III). The other (KR361581, referred to as isolate BRSVUEL-BR2) formed a definite cluster with another uncharacterized strain of BRSV recently identified by our group from the state of Paraná, Southern Brazil (OLIVEIRA, 2014); other isolates from Brazil clustered within the subgroup B (group I) strain of BRSV.
Discussion
This study has demonstrated the presence of BRSV RNA and H. somni DNA in the nasopharyngeal swabs of some of the affected cattle and the pulmonary fragments of one feedlot animal with acute pulmonary distress. Further, this is the first study done in Brazil that has demonstrated the simultaneous participation of H. somni and BRSV in the development of BRD in feedlot cattle. In addition, all other RT-PCR and/or PCR assays designed to detect specific genes of BVDV, BoHV-1, BPIV-3, BoCV, M. haemolytica, M. bovis, and P. multocida were negative. Consequently, these results indicate that BRSV and H. somni were involved in the development of the acute pulmonary distress in the animals evaluated at this feedlot, probably due to synergism identified between these two pathogens (AGNES et al., 2013) . Moreover, this is one of the few studies done in Brazil that has effectively investigated the infectious agents associated with BRD in beef cattle feedlots; we have previously demonstrated H. somni and BoHV-1 associated with respiratory disease in a beef cattle feedlot (HEADLEY et al., 2014) , and multiple infectious agents were associated with BRD in dairy cattle (OLIVEIRA, 2014) . Although other groups only investigated and confirmed the participation of BRSV in cattle reared in feedlots (BRASIL et al., 2013) and extensively (DRIEMEIER et al., 1997; FLORES et al., 2000) from diverse regions of Brazil, it is rather likely that other infectious disease pathogens associated with BRD might have been identified if these were investigated. Nevertheless, these results are encouraging since the infectious agents thus far identified in feedlot cattle from Brazil with BRD are similar to agents described in North America (GAGEA et al., 2006; GRIFFIN et al., 2010; FRANCOZ et al., 2015) and Australia (CUSACK et al., 2003) , where the economic setbacks of respiratory disease on feedlot cattle is been intensively investigated.
The simultaneous natural co-existence of H. somni and BRSV at this feedlot exemplifies the synergism due to the simultaneous colonization of the alveoli of cattle experimentally and concomitantly infected with these pathogens (AGNES et al., 2013) . Further, the pulmonary histopathological findings of the animal that died of complications related to coinfections by H. somni and BRSV during this study were similar to those described in BRD experimentally induced in cattle, with these pathogens (GERSHWIN et al., 2005; AGNES et al., 2013 ). In dual infections by H. somni and BRSV, there is an increase in the accumulation of H. somni at the pulmonary alveolar resulting in increased retraction of pneumocytes and degradation of collagen, which enables lung damage, producing bronchopneumonia and dissemination of H. somni (AGNES et al., 2013) . Consequently, this dual mechanism of pulmonary injury might be responsible for the severe pulmonary damage observed in the animal that was concomitantly infected by H. somni and BRSV during this investigation.
Although the real economic impact of BRD on feedlot cattle from Brazil is unknown, a recent study done by our group has estimated morbidity at 58.4% and mortality at around 0.07% (Baptista, A.L. et al. manuscript in preparation), thereby highlighting the importance of understanding the participation of BRD-related infectious agents on feedlot cattle from Brazil. Further, single and mixed infections of H. somni and H. somni with BRSV and other infectious agents have been identified in dairy calves from Southern Brazil with BRD, where predominant agents of BRD were BRSV (38.1%), BVDV (28.6%), BCoV (33.3%), P. multocida (42.85%), M. bovis (33.3%), and H. somni (19%) (OLIVEIRA, 2014 ). In addition, since H. somni has been increasingly diagnosed in BRD in beef cattle feedlots as well as in the development of fatal systemic (HEADLEY et al., 2013 ), neurological (HEADLEY et al., 2015a , and reproductive (HEADLEY et al., 2015b) disease in beef and dairy cattle herds from this country, strategic prophylactic and control measures are necessary to prevent the economic effects of widespread dissemination of this pathogen within the local cattle industry. Collectively, these findings confirmed the theory that H. somni is indeed a potential threat to the cattle industry of Brazil (HEADLEY et al., 2014) , where immunization against this important pathogen of ruminants is almost nonexistent. Further, when the results from this and other studies (DRIEMEIER et al., 1997; FLORES et al., 2000; BRASIL et al., 2013; OLIVEIRA, 2014) are considered, BRSV seems to be an important viral pathogen associated with BRD in cattle from Brazil.
Although the outbreak of BRD occurred predominantly during the dry dusty season with low precipitation levels, changes in weather patterns seems not to have any direct effects on the increased yearly occurrence of fibrinous bronchopneumonia in feedlot cattle from North America (RIBBLE et al., 1995) . Nevertheless, changes in weather conditions have been identified as one of the probable factors that might have contributed to an increase in BRD (LONERAGAN et al., 2001) and we have observed a significant increase of BRD in feedlot cattle during the dry relative to wet season (Baptista et al. manuscript in preparation) . However, the direct effects of climatic conditions per se as predisposing factors to the development of BRD has been questioned due to the absence of solid scientific data to support this theory (TAYLOR et al., 2010) .
Another possible stressor identified during this study was feedyard dust, which was associated with an increase in BRD (MACVEAN et al., 1986) . However, an experimental study did not demonstrate differences in pulmonary disease in cattle that were exposed or relative to those not exposed to dust particles (PURDY et al., 2003) .Consequently, the climatic conditions during the dry dusty period might per se not have any direct effect on the development of BRD observed during this investigation, but when coupled with concomitant infectious pathogens, management and genetic factors can have an impact on the pathogenesis of BRD (TAYLOR et al., 2010) . However, it must be highlighted that the onset of respiratory disease began long after the affected animals were conditioned within the feedlot, and not within the first few days/weeks on feed as is frequently described in BRD from North America (RIBBLE et al., 1995; GAGEA et al., 2006) . This is because at this feedyard, all acquired animals are initially maintained on pastures for months and then transferred into the feedlot. Nevertheless, we are conducting nationwide surveys to investigate and understand the complexities of the factors associated with BRD in beef cattle feedlots in Brazil in an attempt to see if the non-infectious factors of this disease complex is similar to those described in North America and Australia. The phylogenetic analyses of the H. somni isolates suggests that the strains identified during this investigation are similar to other isolates from different geographical locations. However, one of the BRSV isolates identified (KR361582, termed isolate BRSVUEL-BR3) during this study clustered with an established group of BRSV strains of organisms , while the other isolate from the state of São Paulo clustered with another untyped (unclassified) strain of BRSV identified in cattle from the state of Paraná; these formed a distinct cluster. Nevertheless, both strains identified during this study clustered in groups that did not contain previously identified isolates of BRSV from Brazil that were clustered in subgroup B SPILKI et al., 2006) . Interestingly, all isolates of BRSV thus far identified were from different geographical regions of Brazil. Consequently, the results of phylogenetic analysis suggest that there was more than one strain of BRSV at this feedlot and that there is diversity within the isolates of BRSV circulating in cattle from Brazil. Further, these results are in agreement with the idea that new isolates of BRSV are likely to emerge as more strains are identified and characterized across Brazil.
Conclusions
The nucleic acids of BRSV and H. somni were identified in cattle with clinical manifestations associated with and in one animal that died of BRD from Southeastern Brazil. These results suggest that H. somni is indeed a threat to the local cattle industry, particularly when infections are associated with BRSV and that there is diversity within the isolates of BRSV circulating in different geographical regions of Brazil. Although the investigation of the factors associated with BRD in Brazil is incipient, these results will form the base to understand the factors associated with BRD in this country.
